Mechanical properties of dried apples rings were studied through two different rapid compression tests. A 16 bending-snapping test and a modified compression-relaxation test were performed in order to differentiate between 17 osmo-air-dried apple rings as a function of variety (Golden Delicious and Pink Lady ® ) and drying temperature 18 (70°C, 80°C, 90°C). Elastic modulus during bending, fracturability indices, peaks density, and relaxation coefficient 19 during compression were taken into consideration. The obtained results reflect primarily the effect of the drying 20 process on the moisture content of both varieties, but also the different changes in the tissues structure related to 21 both the different solid-liquid exchanges during the osmotic pre-treatment and the drying process. Undergoing the 22 same drying treatment, Pink Lady ® rings showed a more rigid and stiff texture than Golden Delicious, which in 23 contrast had a more brittle texture. The obtained results described satisfactorily structural changes of apple tissues, 24 giving the possibility to discriminate, in a rapid way, between different categories of dried apples. 25 26 27 28
Relative relaxation stress represents a part of the total stress that the material accumulated during compression and is 130 not relaxed after a given relaxation time (Lewicki and Jakubczyk, 2004) . Furthermore, according to the method for 131 quantifying fracturability by Barrett et al. (1994) , the distribution of fracture intensities occurring during 132 compression in the 4-20% strain region was quantitatively described through the following exponential function: 
142
All measurements were carried out on 10 different apple piles for each temperature condition and for each cultivar.
144

Bending-Snapping test
145 Tests were carried out using a Zwick Machine (mod. Z005, Zwick Roell, Germany) fitted with a 100 N load 146 cell. Slices were 72.0 ± 2.0 mm in diameter and 3.5 ± 0.3 mm thick after drying. So, the length of the specimen was 147 at least 16.2 times greater than thickness, to avoid shearing and compression effects, compromising the final results 148 (Bourne, 2002 ). In addition, to limit negative effects by shape and surface imperfections, discs as flat and regular as 149 possible were selected. One apple disc at a time was placed on two supports separated by a distance of 45.0 mm, 150 each one equipped with a 8.0 mm diameter horizontal rod at the tip. A third compressing bar, also a 8.0 mm 151 diameter horizontal rod at the tip, was driven down between the two supports at a speed of 10 mm/min, bending 152 each specimen until it snapped. The slope (i.e. the elastic modulus, E) before the first fracturability peak of highest 153 magnitude was calculated from the force-displacement curves as the index of crispness (Jackson et al., 1996;  154 Konopacka et al., 2002) The three different curves (each one as a mean of ten replicates) resulting from the compression-relaxation test 172 of the Golden Delicious cultivar reported in Fig. 1 show the effect of air temperature on the relaxation characteristics 173 of apple rings. The curve profile (similar for the three lots) is characterized by three observable parts: an initial 174 rising tract, culminating in a first fracture, that represents the deformability prior to rupture of the structure; a 175 halfway jagged-oscillating zone, depending on the brittleness of the samples, indicating the deformation and 176 destruction of internal structure; a final descending smooth tract (after about the first 2/3 of each curve), along which 177 part of the stress accumulated during compression is relaxed. This shape is typical for foods characterized by a 178 crunchy or crispy texture, like breakfast cereals and snacks. Relative relaxation stress values (σr) ( 
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Considering that the higher the drying temperature the lower the moisture content and water activity values, the 
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The overall relationship between moisture content, water activity and relative relaxation stress is shown in Fractal dimension of normalized compression curves (Peleg, 1997) . In the present study, the distribution of fracture 215 intensities occurring during the first step of compression-relaxation test was quantitatively described by an 216 exponential function. By using mathematical procedures 'easy-to-use' by the common statistical programs, main 217 parameters used as fracturability indices were obtained. In a first step, a frequency distribution of changes in stress 218 during compression was constructed as described by Barrett et al. (1994) for each air temperature condition and for 219 both varieties (Fig. 3 a, behaviour is more evident in the sharp curves obtained from apple rings dried at 90°C. In this case, the initial quick, 282 steep and linear tract is immediately (after about 0.5 mm deformation) followed by two subsequent spiky peaks, 283 relating to violent ruptures. As mentioned previously, the steepness of the slope at the beginning of each curve is 284 defined as crispness (Jackson et al., 1996; Konopacka et al., 2002) and it is involved in the resistance of the 285 specimen to bending. In accordance with the results reported in Table 1 , a decrease in moisture content, as a result of 286 each drying treatment, leads to increases in crispness. Curves derived from apple rings dried at 70°C had the lowest 287 crispness coefficient, approximately 1.6 times (Pink Lady ® ) and 2 times (Golden Delicious) less than those obtained 288 at 80°C. Drying at 90°C yields apple rings with the highest crispness values (50% and 30% more than those 289 observed in Pink Lady ® and Golden Delicious rings dried at 80°C, respectively), as evidenced by the steepest slope 290 of the initial linear line of the curve. Drying temperatures of 90°C produced the crispiest dried apple rings, having a 291 greater resistance to bending (Jackson et al., 1996) . A statistically significant difference between apple varieties was 292 observed. For all temperature-settings, Pink Lady ® showed the highest crispness values, acquiring more stiffness and 293 resistance to deformation than Golden Delicious, in accordance with moisture content values (higher for Golden 12 As shown in Fig. 2 , the relationship between water activity and moisture content and crispness is inversely 296 proportional: crispness increased as aw and moisture content decreased. The effect of water can also be highlighted 297 by the shape of the curves obtained at different temperatures. In general, the left-shifted bell-shaped curves obtained 298 at 70°C (i.e. at the highest aw and moisture content) were wide and smooth, reflecting the plasticizing effect of the 299 remaining water. Moreover, the area under the curve was large (data not shown), indicating that a fair amount of 300 energy is needed to promote the final failure of the specimen. At 80°C the obtained curves showed the increasing 301 effect of drying temperature. The gain of crispness/crunchiness is also manifested in a more jagged relationship, 302 indicating failures and ruptures, due to changes in the structure with the formation, for example, of cavities, voids 303 and local damage (Lewicki and Jakubczyk, 2004) . Finally, at 90°C (i.e. at the lowest aw and moisture content), apple 304 slices broke abruptly, like a brittle and fragile body. Furthermore, the area under the curve was small (data not 305 shown), reflecting the low quantity of energy required to break the dried rings.
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All the obtained results indicate that by increasing air temperature, the rheological characteristics strongly dehydration. In S.L. Taylor (Ed.), Advances in Food and Nutrition Research (vol.48, Standard deviations are reported in brackets. Different letters denote statistically significant differences (p ≤ 0.05)
